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Contents for previous class

• Gibbs Free Energy as a Function of Temp. & Pressure

• Driving force for solidification

- Single component system
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Clausius-Clapeyron Relation :
(applies to all coexistence curves)
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In general, wetting angle = 0             No superheating required! 
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CHAPTER 1 & 2

Contents for today’s class

- Chemical potential and Activity

- Gibbs Free Energy in Binary System

- Binary System

Ideal solution and Regular solution
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* Composition in mole fraction   XA, XB XA + XB = 1

1. bring together XA mole of pure A and XB mole of pure B

2. allow the A and B atoms to mix together to make a homogeneous solid solution.

2) Gibbs Free Energy of Binary Solutions
: binary solid solution/ a fixed pressure of 1 atmBinary Solutions
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Gibbs Free Energy of The System
In Step 1

- The molar free energies of pure A and pure B
pure A; 
pure B; 

;XA, XB (mole fraction)

),( PTGA

),( PTGB G1 = XAGA + XBGB J/mol

Free energy of mixture
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Gibbs Free Energy of The System

In Step 2 G2 = G1 + ΔGmix J/mol

Since     G1 = H1 – TS1 and    G2 = H2 – TS2

And putting    ∆Hmix = H2 - H1 ∆Smix = S2 - S1

∆Gmix = ∆Hmix - T∆Smix

∆Hmix :  Heat of Solution i.e. heat absorbed or evolved during step 2
∆Smix :  difference in entropy between the mixed and unmixed state.

How can you estimate ΔHmix and ΔSmix ?
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Mixing free energy ΔGmix

= +th configS S S

Assumption; ∆Hmix=0 :
- A& B_complete solid solution
( A,B ; same crystal structure)

- no volume change

- Ideal solution

wkS ln= w : degree of randomness, k: Boltzman constant

thermal; vibration ( no volume change )
Configuration; the # of distinguishable ways of arranging the atoms

ΔGmix = -TΔSmix J/mol

∆Gmix = ∆Hmix - T∆Smix

Entropy can be computed from randomness 
by Boltzmann equation, i.e.,

PVEH +=
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Excess mixing Entropy

)lnln( BBAA
mix XXXXRS +−=Δ

)lnln( BBAA
mix XXXXRTG +=ΔΔGmix = -TΔSmix

1) Ideal solution
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Since ΔH = 0 for ideal solution,

Compare Gsolution
between high and low Temp.

G2 = G1 + ΔGmix

G1 ΔGmix

1) Ideal solution
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• Consider the chemical potential function over a 
hypothetical 2D region shown in the figure. 

• Particles will tend to move from regions of high 
chemical potential (shown as lighter shades in plot) to 
regions of low chemical potential (shown as darker 
shades in plot).  [particles: W → B]

• Various themodynamic properties determine what the 
chemical potential is. 

For example, consider charged particles in a fluid. 
- A concentration gradient in a fluid may promote 

movement of particles in one direction, and 
-the electric potential gradient may promote 
movement of the particles in another. 
-The chemical potential would account for both 
concentration and electric components and describe a 
potential distribution that determines net particle 
movement.
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Chemical potential (Josiah Williard Gibbs)

G = H-TS = E+PV-TS

If to any homogeneous mass in a state of hydrostatic 
stress we suppose an infinitesimal quantity of any 
substance to be added, the mass remaining 
homogeneous and its entropy and volume remaining 
unchanged, the increase of the energy of the mass 
divided by the quantity of the substance added is the 
“potential” for that substance in the mass considered.

Gibbs noted also that for the purposes of this definition, 
any chemical element or combination of elements in 
given proportions may be considered a substance, 
whether capable or not of existing by itself as a 
homogeneous body. Chemical potential is also referred 
to as “partial molar Gibbs energy“.

Definition 

1) Ideal solution
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Chemical potential

The increase of the total free energy of the system by the increase 
of very small quantity of A, dnA, will be proportional to dnA.

G = H-TS = E+PV-TS 1) Ideal solution
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Chemical potential

= μA AdG' dn

The increase of the total free energy of the 
system by the increase of very small quantity 
of A, dnA, will be proportional to dnA.

(T, P, nB: constant )

G = H-TS = E+PV-TS

For A-B binary solution, = μ + μA A B BdG' dn dn

= − + + μ + μA A B BdG' SdT VdP dn dn

For variable T and P

μA :  Chemical potential of A or 
partial morlar free energy of A

⎛ ⎞∂
μ = ⎜ ⎟∂⎝ ⎠ B

A
A T, P, n

G'
n

⎛ ⎞∂
μ = ⎜ ⎟∂⎝ ⎠ A

B
B T, P, n

G'
n

1) Ideal solution



15

1−= μ + μA A B BG X X Jmol

A A B BdG dX dX= μ + μ

B A
B

dG
dX

= μ −μ

A B
B

dG
dX

μ = μ −

( )1

B A B B
B

B A A B B
B

B A
B

B B
B

dGG X X
dX
dGX X X
dX

dG X
dX
dG X
dX

⎛ ⎞
= μ − + μ⎜ ⎟
⎝ ⎠

= μ − + μ

= μ −

= μ − −

B A
B

dGG X
dX

μ = +

For 1 mole of the solution (T, P: constant )

1) Ideal solution

Correlation between chemical potential and free energy
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A B
B

dG
dX

μ = μ −

1−= μ + μA A B BG X X Jmol

B A
B

dGG X
dX

μ = +

For 1 mole of the solution (T, P: constant )
Correlation between chemical potential and free energy

1) Ideal solution
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1−= μ + μA A B BG X X Jmol

1) Ideal solutionFor 1 mole of the solution (T, P: constant )
Correlation between chemical potential and free energy

GGAA
GGBB

μμAA

μμBB

XXAA XXBBXXBB

B A
B

dGG X
dX

μ = +

)1( B
B

B X
dX
dGG −+=μ

B
BAB dX

dGXX )( +−= μ

GG

A A 

BB

CC

XXAA

A B
B

dG
dX

μ = μ −

CBDCDA −−=

DD
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μA’

μB’

XB’

Chemical potential

BBBAAA XXRTGXXRTG )ln()ln( +++=

1) Ideal solution
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Ideal solution : ΔHmix= 0

Quasi-chemical model assumes that heat of mixing, ΔHmix,
is only due to the bond energies between adjacent atoms.

Structure model of a binary solution

Regular Solutions

∆Gmix = ∆Hmix - T∆Smix
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Bond energy          Number of bond

A-A                εAA                                             PAA
B-B                εBB                                             PBB
A-B                εAB                                             PAB

= ε + ε + εAA AA BB BB AB ABE P P P

Δ = ε ε = ε − ε + εmix AB AB AA BB
1H P where ( )
2

Internal energy of the solution 

Regular Solutions
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Δ =mixH 0

Completely random arrangement 

ideal solution

=AB a A B

a

P N zX X bonds per mole
N : Avogadro's number
z : number of bonds per atom

∆Hmix = ΩXAXB where Ω = Nazε

Δ = εmix ABH P

0

Regular Solutions

=ε )(
2
1

BBAAAB εεε +=

↑→< ABP0ε ↓→> ABP0ε

0≈ε

Ω >0 인경우
Regular Solutions
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